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(54) BULK ACOUSTIC WAVE(8AW) FLIER WITH TOP 
ACOUSTIC MIRROR 

(57)Abslract: 

PROBLEM TO BE SOLVED: To provide the bulk 
acoustic wave(BAW) filter with a structure that prevents 
contamination of a resonance layer. 
SOLUTION: The SAW filler has at least one resonator 
structure placed on a board 38 and acoustic mirrors 17, 
18 placed on the resonator structure. The acoustic 
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I Claim t\ The hulk mold acoustic wave (BAW) filter characterized by having the sound mirror arranged 
on at least one resonator steud&re arran&ed on a substrate, and this at least one resonator structure, 
I Claim 2! Said sound mirror is a BAW filter according to claim 1 characterized by consisting of two or 
more havers, 

f Claim 31 Each of two or more of said lavers k a BAW filter according to claim 2 characterized bv 

.... V • V-' »" 

having thickness almost equal to quarter wavelength, 

i'CIaim 4| Said sound mirror is a BAW filter according to claim 1 characterized bv coasting of die 
upper layer containing the low ingredient of an acoustic impedance, the middle lamella containing the 
high ingredient of an acoustic impedance, and the lower Saver containing the low ingredient of an 
acoustic impedance, 

I Claim 5] It is the BAW filter according to claim 4 characterized bv lor said upper layer and lower I aver 
consisting, of one of silicon, polish reeoa aiummum, and poly mer Ingredients, and said middle lamella 
consisting of one of gold, moivbdeftuni, and hinastens, 

[Claim 6! The BAW filter according to claim 1 characterized bv having further the protection 



ssivadon laver formed on said sound mirror 



I Claim 7] Said protection passivation 5 aver is a BAW filter according to -claim 6 characterised bv 
consisting of one of epox>\ a 6UROPFU top ingredient and silicon dioxides, and. having the thickness 
of at. teast 0*2 nherometers, 

{Claim 8] It is the BA W filter according in claim 1 which said at least one resonator structure includes at 
least one electrode which has the part exposed in order to prepare a contact pad, and is characterized by 
being for said contact pad combining said at least one resonator simcm.ee with a wiring substrate throuab 
a Junction wire, 

[Claim 9} It is the BAW filter according to claim 1 which said a! least one resonator structure includes at 
least one electrode which has the part exposed m order to orepare a contact pad, and Is characterised bv 
beina .for said contact pad combining said at least one resonator strneinre with a wiring snbstrate bv the 

V- - .V V,.' V." V 

t tin chin method, 

ICIaim 1.0} Said BAW filter has two or more resonator structures arranged on said substrate. Each of two 
or more of said resonator structures includes two or more electrodes, and said a part of 1st electrode of 
said 1st resonator structure, is exposed in order to prepare the 1 sr contact pad. Said a part of 1st electrode 
of mkl 2nd resonator structure is exposed in order to prepare the 2ml contact pad. Said BA W filter has 
the 3rd contact pad further arranged on said substrate. It is exposed and said 3rd contact pad is 
electrically combined with said each 1st electrode of said 3rd and 4th resonator structures. The said 1st, 

sr . . . 

2nd. and 3rd contact pads are BA W filters according to claim 1 characterized bv being for combining 
the said 1st, 2nd, and 3rd resonator structures with a wiring substrate, respectively, 
[Claim 1 1 1 It is tha BAW filter according to claim 10 which it has further the 4th contact pad arranged 
on said substrate, and said 4th contact pad Is exposed, and is combined eiectricahv I each 1 of said 1st 
electrode of said 3rd and 4th resonator structures, and is characterized by hems for salrf 4rh contact; pad 
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combining said 3rd and 4th resonator structures with a wiring substrate. 

[Claim 12] Said BAW filter has two or more resonator structures arranged on said substrate. Each of 
said resonator structure contains at least two electrodes, and said BAW filler has two or more contacts 
farther arranged on the externa! surface of said BA W filler, it. is the BAW filter according to claim 1 
which at {east two of said contacts arc electrically combined with the electrode of at least two resonator 

■v 

structures in said resonator structure, respectively, and Is characterized by being for said contact carrying 
out surface motiotlns of said BAW filter to a wiring substrate. 

[Claim Bj Said, sound minor m a BAW filter according to claim I characterized "by preventing 
substantially arri ving at the location where the acoustic vibration generated .by said at least one resonator 
structure crossed the top face of said sound mirror, 

[Claim .14] Said sound mirror is a BAW filter according to claim 1 characterised by an environmental 
pollutant preventing contacting said at least one resonator structure. 

[Claim 15] It is the BAW filter according to claim 1 characterised by for said sound mirror being the 
thing of die top of one pair of sound mirrors of said B AW filter, and forming the thing of the bottom of 
said one pair of sound mirrors between, said at least one resonator structure and said substrates. 
[Claim 16] Said at least one resonator structure is a BAW filter according to chum I characterized by 
including two or more accumulated resonators, 

[Claim 17] Said BAW filter has two or more resonator structures arranged on said substrate. Each of two 
or more of said resonator structures includes two or more electrodes, and said BA W filter has two or 
more contacts further arranged on. the external surface of said BAW filter. Said Isteiectrode of said 1st 
resonator structure is electrically combined with said 1st contact. Said 1st electrode of said 2nd resonator 
structure is electrically combined with said 2nd contact, Said 1st electrode of said 3rd resonator structure 
is a BAW filter according to claim 1 characterized by being electrically combined with said 3rd contact 
and combining electrically said 1st electrode of said 4th resonator structure with, said 3rd contact 
[Claim 18] It is the BAW filter according to claim 17 characterized by combining said 2nd electrode of 
said 1st resonator structure with said said 2nd and 2nd [ of the 3rd resonator structure / each, j electrodes, 
and combining said 2nd electrode of said. 4ih resonator structure with said 1st electrode of said 2nd 

. . .... 

resonator s true ture , 

[Claim 1.9] Said 1st electrode of said 3rd and 4th resonator structures is a BA W filter according io claim 

1? characterized bv being electrical! v combined also with said 4th contact 

[Claim 20] a substrate and; ~~ the 1st sound mirror arranged, on this substrate, and; - at least one 

resonator structure arranged on [ some j this 1st sound mirror, and: - the hoik mold acoustic wave 

(BAW) filter characterized bv having the 2nd sound mirror arranged on this at least one resonator 

structure, 

[Claim 21 ] At least one side of said said 1st and 2nd sound mirrors is a BAW filter according to claim 
20 characterised bv consisting of the tinner laver containing the low ingredient of an acoustic 
impedance, the middle lamella containing the high ingredient of an acoustic impedance, and the lower 
layer containing die low ingredient of an acoustic impedance, 

iXiaim 22] It is the BAW filter according to claim 21 characterized by for said upper layer and lower 
laver consisting of one of silicon, polish reeon, aluminum, and oofvmer ingredients, and said middle 
lamella consisting of one of sold, molybdenum, and tungstens. 

! Claim 23] The BAW filter according to claim 20 characterized bv having [further the protection 
passivation layer formed on said 2nd sound mirror, 

[Claim 24] Said protection passivation layer is a BAW filter according to claim 23 characterized by 
consisting of one of eooxv, a G1JROPP1J top ingredient and the silicon dioxides, and having the 
thickness of at least 0.2 micrometers,. 

[Claim 25] ft is the BAW fiber according to claim 20 which mid. at least one resonator simcture includes 
at least one electrode which has the part exposed in order to prepare a contact pad, and is characterized 
bv bmm for said contact pad combining said at least one resonator structure with a wiring substrate 
through a junction wire, 

[Claim 26] It is the BAW filter according to claim 20 which said at least one resonator structure includes 
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at least one electrode which has the pari exposed In order to prepare a contact pad, and m dm&cietimd 
bv being for said contact pad combining said at least one resonator stricture with a wiring substrate fov 
the flip chip method. 

[Claim 27] Said BAW filler has two or more resonator structures arranged on said substrate* Each of two 
or more of said resonator structures includes two or more electrode^ and said a pari of 1st electrode of 
said 1st resonator structure is exposed In order to prepare the 1st contact pad. Said a parr of 1st electrode 
of said 2nd resonator structure is exposed, in order to prepare the 2nd contact pad. Said. BAW filter has 
the 3rd contact pad further; arranged on said substrate, it is exposed and said 3rd contact pad is 
electrically combined with said each 1st electrode of said 3rd and 4th resonator structures. The said 1st 
2ncL and 3rd contact pads are BAW filters according to claim 20 characterised try being for combining 
the .said 1st, 2nd* and 3rd resonator structures with a wiring substrate* .respectively. 
[Claim 28f It is the S AW filter according to claim 2? which is combined electrically 1 said 4th contact 
pM / each J of said 1st electrode of said 3rd and 4th resonator structures hv having further the exposed 

i -> V V-*' v 

4th contact nad which has been arranged on said substrate, and is characterised by being" for said 4th 
contact oad combining said 3rd and 4th resonator structures with a wiring: substrate, 
! Claim. 291 Said B AW filter 'has two or more resonator structures arranged on said substrate, Each of 
said resonator structure contains at least two electrodes, and said BA W filter has two or more contacts 
further arranged on the external surface of said BAW filter. At least two of said contacts are electrically 
combined with the electrode of at least two resonator structures In said resonator structure, respectively. 
Said contact is a BA W filter according io claim 20 characterized by hein& for carrying out surface 
mounting of said BAW filter to a wiring substrate. 

[Gkirn 30] Said BAW filter has two or more resonator structures arranged on said substrate. Each of two 
or. more of said resonator structures includes two or more e!eetrode$> and said HAW filter has two or 
more contacts further arranged, on the external surface of said BAW filter. Said 1 st electrode of said 1 st 
resonator structure is electrical! v combined with said 1st contact. Said 1st electrode of said 2nd resonator 

s . ... 

structure Is electrically combined with said 2nd contact. Said 1st electrode of said 3rd resonator structure 
is a BAW filter according to claim 20 characterised by being electrically combined with said 3rd contact 
and com bin io c electrical I? said 1st electrode of said 4th resonator structure with said 3rd contact. 
[CMm 31 \ Said 1st electrode of said 3rd and 4th resonator structures is a BA W filter according to claim 
30 characterised by being, electrically combined also with said 4th contact 

[Claim 32] Said at least one resonator structure is a BAW filter according to claim 20 characterised by 
including two or more accumulated resonators and forming pile ervstal filter structure. 
I Claim 33] the step which forms die 1st sound mirror on ; substrate in the approach of manufacturing a 
BAW fiber and attaching this BAW filter to the circuit board, and; ~~ the step which forms at least one 
resonator structure on this 1st sound mirror, and; — the approach characterised by to ha ve the step which 

y V V - <r' 

forms the 2nd sound mirror on the considerable part of this at least one resonator structure at least. 
[Claim 34] The step which forms said 2nd sound mirror is the approach according to claim 33 
characterised bv io include the step which forms the 3rd layer which forms the 2nd laver which forms 
the 1st layer containing the low ki&m!ient of ; acoustic impedance said resonator and. on I some ] .said. 1st 
sound mirror, and contains the high ingredient of ; acoustic impedance on said 1st layer, and contains the 
low Ingredient, of; acoustic Impedance on said 2nd. Saver, 

I Claim 35! It Is t he approach according to claim 34 characterized by for said low ingredient of an 
aconstle impedance Containing one of silicon, polish recorc ahnolnooc and polymer ingredients, and 
said high ingredient of an acotsstic impedance containing one of gold, molybdenum, and tungstens. 
[Claim 361 The approach according to claim 33 characterised by having a ****** step tor a protection 
passivation layer further on said 2nd sound mirror. 

[Claim 37| The approach according to claim 33 characterised by performing the step which forms a 
contact pad on said 1st sound mirror between the step which forms said resonator structure, and the step 
which forms said 2nd sound mirror 

[Claim 381 The approach according to claim 33 characterised bv inclndmc further the stcn which forms 
a contact on the external surface of said BAW filter. 
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Claim I ne step which rorms sa*d at least one resonasor stra&ure ax art approach accommg to eiann 
33 characterised by perfor.rn.ins: bv forming two or more adjacent resonators on said 1st sound mirror, 
[Claim 40} The step which forms said at least one resonator stxueture is an approach according to claim 
33 characterized by performing by formme the pile structure or a resonator in order io form pile Xi&l 
structure, 

I Claim 41 1 In the hulk moid acoustic wave (SAW) equipment which can carry out surface mountina : a 
Substrate and; - at least one BAW resonator structure and; - between said substrate and said at least tme 
S AW resonator the arranged 1st sound insulation machine and; - the 2nd sound insulation machine 
arranged on said at least one BAW resonator, and; — the equipment, characterized bv having two or more 
electrodes arranged on the external .surface of said BAW equipment in order to.earrv out surface 
mounting of said equipment to a wiring substrate, 

iQalm 42} Said resonator structure is BAW equipment according to claim 41 which is characterised by 
consisting of two or more accumulated resonators and which can carry out- surface mounting. 
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L ib in document has been, Ir&nsi&ted bv compiler . So the translation mav not reflect t he onamal 



precisely > 



, s & ows t&e word wnieft cub not oe translated. 
3, In the drawing, ainv words are not translated* 



DETAILED DESGMPTION 



[Detailed Description of the Invention] 
[0001! 

[Field of the fev#nt'k>&] This invention relates to a 'bulk, moid acoustic wave (Bulk Acoustic Wave 
(HA W and brief sketch)} filter* and relates to the BAW filter which has a sound mirror especially. 



X)2 



fDeseripfkm of the Prior Art] Surface mounting technique (the technique which assembles an integrated 
circuit using "Sm face Mount Technology (SMT and brief sketch} m known J In. order to carry out this 
technique, various processes inelurimg spreading of the -pewter cream to a substrate, arrangement of the 
circuit component, to this sotetrate, soldering, and cleaning are needed. When: performing these 
processes, ii is often necessary hi a pewter, a solvent or an assembly process to protect a circuit 
component from the ingredient of the class of others which may pollute a circuit component, 
[00031 It is small to a radio comnnmkaiioo eaoipmem, and since it is necessary to use the filter of high 
nerfonnance> a surface -acoustic-- waves (Surface Acoustic Wave'* filter (SAW) is used widely. It is 
usual! v necessary to protect the front face of the layer of an SAW filter from an external ooButam. in the 
ease during assembly of subsequent use as known by this contractor. The one well-known approach of 
protecting the front face of these lav era at the time of assembly includes assembling a filter using flip 
chip assembly technique for example, in a seal environment When this technique is performed, it turns 
out that it takes time amount, 

|0004| It includes that another 'well-known approach which protects the layer front face of m SAW filter 
encloses an SAW filter with the ceramic package sealed. Thus, after enclosing surf ace /mounting of that 
SAW filter can be carried, out to the circuit hoard. The cost of a package tends to increase the 
manufacturing cost as the whole to a regrettable i.hin§ remarkahlv; and this technlone tends to become. it 
with hid* cost, 

10095] The fault accompanying using a seal ceramic package and/or a seal, environment is avoidable bv 

using the high performance acoustic filter of other classes, Lc,< a bulk mold acoustic wave (BAW) filter, 

for a happy thing. The BAW filter usually contains some BAW resonators. With a BAW filter, an 

acoustic wave Is spread in the perpendicular direction to the layer front face of this filter. By contrast, 

the acoustic wave which spreads the inside of an SAW filter m soread hi parallel with the layer front 

face of this filter. As the result, if h is this contractor, if the layer front face is polluted or the engine 

performance of an SAW filter is damaged with an external element it is likely to act worse than the 

engine performance of the BAW fiber polluted similarly, m that k mav understand, 

! 0006 1 A BAW filler may be manufactured so thai the BAW resonator of various well -known classes 

mav he included. Those well -known kinds of BAW resonators consist of three radical headquarters. The 
>* ■ > 

1st oari of them is used In order to generate an acoustic wave, and it contains the piezo-electric laver of 

< CP i 

sound activity; This layer consists of a suitable piezoelectric material which can be manufactured as a 
thin film of a wc oxide (ZnC>h alumimium nitride (AfN), zinc sulfide (2nS>, or others; The 2nd part 
contains the electrode formed in both, sides of said pie so -electric layer, The 3rd part of a BAW resonator 

includes the tiieehaoism for insulating a substrate from vibration generated by the piezoelectric layer 
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acriusUeallv. Osuallv. a BAW resonator is made bv thin film technobgies (for example, sputtering, 
chemical vacuum deposition, etc,} on the substrate of silicon, gallium arsenide, or glass. A BAW 
resonator shows the series resonance and parallel resonance similar to ii of a crystal resonator, The 
resonance frequency of a BAW resonator Ls usually in the range of about 0,5 to 5GHz with the thickness 
of the layer of a device. 

f 00071 Although it will understand if it is this contractor, either at least has the thing of the layers which 
form a SAW filter exposed to ak If slain resistance or the harmful foreign, matter contacts either of 
those la vers, the engine performance of a BAW filter may fall In order to avoid this problem, those 
lasers use the package of anti-sea! .ins performance, and. are usually .protected Therefore, it is desirable 
to offer the new and cheap ledmique for protecting those front faces, Moreover, it is also desirable to 
manufacture a BA W filter so that the Interface for rejecting an acoustic wave replaced with, the layer 
and air interface of a BAW lifter of a well-known class may be prepared, 
[00D8J 

[Problem(s) to he Solved by the Invention] The purpose of this invention is offering the cheap approach 

for preventing this resonance layer being exposed to the matter which may pollute the resonance layer of 

a balk moid acoustic wave (BAW) filter, or may do effect harmful to this resonance layer. 

10009] Other purposes of this invention are offering the protective layer which reflects this acoustic 

wave so that the acoustic wave generated out of the BAW filter may not spread more than it 

pij 0j Other purposes of this invention are offering the BAW equipment which can carry out surface 

mounting. 

[001.1] Other purposes and advantages of this invention will become clear if a drawing and the fol Sowing 
descriptions are considered. 
[Oil 2] 

(Means for Solving the Problem] With the hulk mold acoustic wave (BAW) filter which has a crowning 
containing the sound mirror of the protection nature constituted according to this invention,; the above- 
mentioned technical problem and other technical problems are sol ved, and the purpose of this invention 
is realized > 

[0013] In the one example of this invention, a BAW filter has a substrate and the 1st sound minor 
arranged on this substrate In this example, on the front face of tins 1st sound mirror, two or more 
resonators adjoin each other .mutually, and are arranged. The 2nd sound mirror is arranged on two or 
more of those resonators, and a protection passivation, layer is placed on this 2nd sound mirror, 
I00141 The 2nd sound mirror consists of three Savers, he,, the upper saver, a middle lamella, and a lower 
Saver, These layers have thickness almost equal, to quarter wavelength respectively. The upper layer and 
a lower layer consist of preferably low matter of m acoustic impedance, such as silicon. (Si), polish 
recore ahmunum (aluminunfh or a polymer, A middle lamella consists of preferably high matter of an 
acoustic impedance, such as gold (An), molybdenum (Mo), or a tungsten (W)« A protection passivation 
layer may consist of a silicon dioxide (Si02}< epoxy, a "GUROPPU top Cgfop top) " ingredient (for 
example, viscous fluid which is hardened after heating and which used epox.y as the base), or ail 
ingredient of other sui table protection nature, 

[0015] Two or more resonators are BAW resonators. Each of this resonator has the 2nd top electrode 
formed the piezo -electric layer located the 1st bottom electrode located on the 1st sound mirror **, this 
bottom electrode, and on ( some ] the 1st sound mirror, the various parts of this pkzo-electrie layer, and 
on | some } the 1st sound mirror. Some top electrodes of the 1st resonator are exposed in order to 
prepare a contact pad. Similarly, it is exposed in order for some top electrodes of the 2nd resonator to 
prepare die 2nd contact pad. in the one example of this invention, one or more touch-down pads are also 
prepared, and it is arranged on the 1st sound mirror, A touch -down pad is electrically combined with the 
top electrode of the 3rd resonator, and the bottom electrode of the 4th resonator. Also in this example of 
this invention, the bottom electrode of the 1st resonator Is electrically combined with the bottom 
electrode of the 2nd resonator and. the 3rd resonator, and trie top electrode of the 4th resonator is 
combined with the top electrode of the 2nd resonator, 

[0016] In other examples of this Invention, the 2nd sound mirror covers completely the top fece of the 
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top Electrode of each BAW tvmw&tor, and the exposed contact pad is not prepared in a BAW filter. The 
BAW filter of this example ioekides the contact (namely, electrode) formed in the external .surface of a 
BikW filler. In the desirable example of this invention, U is combined deefcrieallv \ one contact ] to the 
top llectrode of the 1st resonator* and U is combined electrically [ another contact | to the top electrode 
of die 2nd resonator, and another contact is electrically combined; with the top electrode of the 3rd 
resonator, and the bottom electrode of the 4th resonator. In another example of this invention* an 
additional contact is established and it is also eiectri.eai.ly combined with the top electrode of the 3rd 
resclnator, and the bottom electrode of the 4th resonator. It makes it possible for this contact to make it 
poslibie to connect a BA W filter to m external, circuit electrlcadv, and to carry out surface mounting of 
the BAW filter to a wiring substrate further. 

10017] In another example of this Invention, the BAW filter which has pile Xtai. •structure is prepared, 
1 tit® kmxx of inter ?s carted a ode crvsnn later tStacked Crystal ruler tbci : and baet s.kecenlL I ms bLr 
Includes a substrate, the sound. mirror of the 1st bottom, the sound minor of the 2nd top, and the same 
prelection passivation fever as the above- mentioned thing, SCF has the 1st lower resonator and the 
resinator of the 2nd top. The resonator of the bottom is arranged on a lower sound mirror, An upper 
resin ator is arranged, on the 1st resonator, k carries out in this way, and the pile structure of a resonator 
is firmed. The 1st lower resonator Includes the piezo-electrlc fever, the bottom electrode, and the grand 
eleltrode, A piexo -electric laver is located between various parts of a grand electrode* and a bottom 
eleetrode. The 2nd upper resonator includes a grand electrode, a piezoelectric layer, and a top electrode, 
A. mexo-electrie laver is arranged between various parts of a grand electrode, and a top electrode ft has 
theilame thickness as the ingredient as the afxwe-rnentioned duns with same pfezo-electrk layer and 
ele|trode, 

1001 81 In the one example of this invention, the 2nd sound mirror and a protection passivation laver do 
notlcover the various parts of the electrode of SCF, but the part which those electrodes exposed offers a 
contact pad. In the another example of this invention, the 2nd sound mirror can cover those electrodes 
completely, a contact Is prepared in the external surface of SCF structure, and thereby. It can combine 
with an external circuit or it can carry out surface mounting of SCF to a wiring substrate. 
(003 9 j If the 2nd sound mirror is used within a BAW filter, some advantages will he acquired' compared 
wi|!) the filter of the conventional technique. For example, the 2nd sound mirror of this invention 
reflects an acoustic wave so that the acoustic wave which the pie^o-electric laver made may not spread 
to ||e top face of the 2nd sound mirror. Therefore, when a certain Ingredient touches the protection 
passivation layer, the reflected acoustic wave does not reach the ingredient. Another advantage of mmvL 
d*o:2nd sound mirror is that die 2nd sound mirror prevents a contamination from contacting the layer of 
a resonator, Furthermore, there is usually fairly less cost which manufactures the BAW resonator 
com&mmg the 2nd sound mirror than the cost which uses the well -known technique of a half - seal 
tvaika&e etc., in order to protect the layer of a resonator, 

iClfpOj In other fields, this invention manufactures a BAW filter and offers the approach of attaching it 
onlihe circuit hoard, this approach — the (A) substrate top — the 1st lower sound mirror - forming ~~ (B) 
the step which forms at least one resonator on the sound mirror of that bottom is included, The at least 
onl resonator can include the pile resonator dalr which forms the adiacent resonator or pile XtaS 
stricture of the plurality arranged on the front face of a Sower sound mirror. In order to prepare an input 
pad, an output pad, and a connection pad. a contact pad can also he formed from various parts of the 
eieprode of a resonator.. The following step CO includes the process which forms a top sound, mirror on 
at Jeasi one resonator, 'This top sound mirror is similar with the above-mentioned 2nd sound rnirror, 
[0121] The approach of this Invention contains the step which pattermzes the layer formed by the step 
(C$1 and (D), and makes the hole for a. contact pad, when a protection passivation Layer is further formed 
onlthe layer of the top of CD) top sound mirror and a contact pad Is prepared, A protection passivation 
kfer and a contact. pad are the same as thai of the above-mentioned thing. Then, the step (E) winch 
attaches a filter to the circuit board using the selected technique is performed, the selected technique of 
gripple is the onboard attaching method (an on-board assembly technique) — if it becomes — a step (PI) 
— |nd (F2) it performs. At a step (Fl), a wafer is cut and it is im&e a chip. At a step (F2)< this chip k 
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combined with the circuit of the circuit board with a junehon wire> 

[0022] the technique of grapple chosen at a step (E) is the flip chip method - if it becomes - a step {Gl) 
~~ ami {02} it performs. At a step (Gl), a pewter bump (solder bumps) is formed on the contact pad of a 
filter, for example using the -vacuum deposition (for example, evaporation) of a hump metal (a hump 
metal) > or the electTocliemicaf plating of a pewter. Next, a wafer is cut and it m made a chip. Then, this 
chip is combined with the contact as which die circuit board was chosen with a block CG2S using the flip 
chip method the ease where the technique of grapple chosen at a step (E) is a surface mounting method 
- a step (Ml ) and (M2) it performs, At a step (Hi), a wafer is cut, it is made a chip and a contact is 
formed on the externa! surface of a filter, Then, hi a step 012), this chip is combined with die contact 
oad with which the circuit hoard was chosen using a surface mounting method, 
[0023] Th:e ahove- nientioned description of this invention and the other descriptions are related with an 
aceompanying drawing, and if detailed description of the following related svilh this invention is read, 
they will become still clearer, 

[Emhodirnent of the Invention] Here, although the element to which the same reference mark which has 
appeared in different drawing was given is the same element, on specification it is not quoted about all 

drawings. 

10025] the sectional view (drawing seen from width) and plan of the BAW resonator 20 which have the 
film or. the bridge structure 28 in drawing.! and 2 are shown, respectively. The BA W resonator 20 
consists of the piexo -electric layer 22, 1st protective layer 38b* 2nd protective layer 38a, the 1st 
electrode 24 the 2nd electrode 26, the film 28, etching windows 40a and 40b, an air gap 34, and a 
substrate 36, The piezo -electric layer 22 consists of the piezoelectric material which can be made <m thin 
T\hm, such as a zinc oxide (ZnO) or ahmimuurn nitride (ASN), 'The film 28 consists of two layers 30, 
la, the upper layer, and a lower layer 32. The upper layer 30 consists of for example, polish recon 
(Polly si) or aiumimrum nitride (AI.N) f and a lower layer 32 consists of a silicon dioxide (Si<.)2) or 
gallium arsenide (GaAs). A substrate 36 consists of ingredients, such as silicon (Si't Si()2 > GaAsc or 
glass. After letthia eiehinc windows 40a and 40h pass and giving a membranous layer to a substrate 36, 
some substrates 36 are etched and an air gap 34 is formed. 

100.26] Reference of drawing 5 shows ihe.BAW resonator 21. Although the BAW resonator 21 

*• > l V>" 

resembles what is shown in drawing 1 , the sacrifice layer 39 is added. When a resonator 21 is made, 
before die film 28 is attached, the sacrifice laver 39 is attached on a substrate 36. After ail the layers of a 
resonator are formed, in order to form an air aan 34, the sacrifice layer 39 is removed through, etching 
windows 40a and 40b, 

[0027] With both resonators 20 and 2.1 f the piezo-eiecirie lay er 22 answers the .electrical potential 
deference applied to electrodes 24 and 26, and vibrates. It is reflected from this interface and vibration 
winch arrived M the interface of the film 28 and an air gap 34 returns io the film 28. Thus, an air gap 34 
.had ales vibration .generated by the piezoelectric layer 22 from; a substrate 36, 

[00281 Another B AW resonator 23 is shown in .drawing. 6 > Although this resonator 23 h as the structure 
simitar to the BAW resonator 21 of drawing 1 , in that only one protective laver 38a is prepared and the 
film 28 and an air gap 34 are transposed to the sound mirror 70, it differs and this sound mmor insulates 
acoustical iv vibration generated bv the pieso-dectric layer 22 from a substrate 36, 
[0029] The sound mirror 70 consists of odd layers (for example, 3-9 layers). The sound minor 70 shown 
in dmwing 6 consists of three layers, i.e., upper 70a, medium-rise 70b, and lower layer 70c, Each class 
70a, 70b, and 70c has Sickness almost equal to for example, quarter wavelength, Upper 70a and lower 
layer 70c consist of low ingredients of an acoustic impedance* such as silicon (Si), polish recon, 
alnmkutn (aluminum) . or a. polymer. Moreover, medium-rise 70b consists of high ingredients of an 
acoustic impedance, such as gold (An), molybdenum (Mo), or a tungsten (W}> The ratio of the acoustic 
impedance of continuous layers Is fully so large that the impedance of a substrate may he changed into a 
low value, As the result a substrate 36 can consist of various high acoustic-irnpedanee Ingredients and 
low acoustic "impedance ingredients (for example, Si> Si02, GaAs. glass, or a ceramic ingredient eta'h 
[0030] If drawing 7 which shows the typical structure 7.1. w hich imitated the laver of a sound mirror is 



t v w 

impedance of a substrate into alow value, Structure 71 is some groups LI, L2 ? and L3 of the hi&h 
impedance transmission line which has -an impedance showing the impedance of a sound .mirror layer, 
and the low Impedance transmission line. -- Lo-l It contain Each, transmission line Is the die tmmh of 
quarter wavelength, group L! of ih€ tran&nlssidft line And L3 low impedance — having — — for 
example, lower layer 70c and. upper 70a of the sound mirror 70 — or — the — the upper. layer and a lower 
1 ?ave.r are expressed conversely, Group L2 The trarmnission line has a high impedance, for example, 
expresses medium-me 7 Oh of the sound mirror 70, Load impedance Z2 showing the impedance of a 
substrate 36 It is shown. Group tivl And Ln It is shown in drawing 7 and the layer in case four or more 
layers are contained m the sound mirror 70 is expressed* A sign "n" expresses even number. The ratio of 
the acoustic impedance of the group (for example, continuous layer) of the adjacent transmission line is 
load impedance 22. The minimum impedance Z! showing the impedance in the Interface of an electrode 
24 and 'upper 70a of the sound mirror 70 It has sufficient magnitude to change. However, when the ratio 
is small, it is load impedance 22, An additional layer is required in order to chahge into the minimum 
impedance, 

10031 1 The eoulameni 23 of drawing 6 is referred to once &&am. When the oieKveleelrie layer 22 
vibrates/ the vibration Is substantially insulated from a substrate 36 bv the interface of an electrode 24 
and upper 70a. 

[00321 Akhon^h it is desirable that the number is odd as for the number of the layers which constitute 
the sound mirror 7Q< it should care about that even layers may be prepared defending: -on the ease. For 
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example, between a substrate 36 and lower layer 70c, while an electrode 24 and upper 70a> one or more 
adhesive layers can. be prepared in order to paste up these layers of each other. The adhesive layer can be 
formed at the suitable charge of a binder of arhu.rat.ton. Although it will understand if it is this 
contractor, it depends for the adhesives used for this equipment on various elements, such as an. 
environmental condition (for example, temperature) when forming the class and the pie&o-dectne layer 
22 of the adhesion process used for accumulating in order to make the thickness of the layer surroimdiog 
the layer of those edhesives, the class of ingredient contained in that layer to surround, and its layer to 
surround, 

[0033] The cross section of the BAW resonator 80 of other classes is shown in drawing 3 > The 
resonator SO consists of die ple^o-electrlc layer 82, the top electrode 84 the bottom electrode 88, the 
fifeu 88, and the substrate 90 that has a veer 92* A a\soBator 80 and a resonator 20 moan thin the acoustic 
vibration to which the piezo-clectrie layers 22 and 82 of each equiptBent generated both is reflected 
according to an air interface, and function similarly, The. primary difference of these resonators 20 and 
80. is an approach used m order to make each air Interface. For example, in a resonator 80, after all the 
layers 84. 86, 82, and 88 are formed, some substrates are removed from, under a substrate 90 bv etch to a, 
and a veer 92 is formed, 

10034] drawing 4 — others — a class — a resonator — 80 — ' -« bdm\ shown - »» this — a resonator — 
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the upper layer - 84 — : — pie^o-eiectTielty - a layer - 82 — ; - the bottom - m electrode - 86 — : a 
veer - 92 -« f - and — the film -- 88 -- - ' - - contaithnc — a substrate - 90 — ! — from - chan^in^ — %® . 
Film 88 c is formed by removing some ingredients of substrate 9& from the bottom. Resonator 80' 
functions as the resonator 80 of drawing 3 slirhlarlv. 

[0035.1 At. least the par^ of the layers winch (mm the above-mentioned resonator may be exposed to air, 
[0036] This invention developed the new and cheap tech?h.que for protecting the front face of the layer 
of a BAW filter. The hie cost accomnanyiog the technique to which iim current use of the front face of 
the layer of the resonator to expose being polipted, or getting damaged can be carried out for preventing 
being used for the technique is avoided It fe possible to maoufactnire a BA W filter so that the interface 
which is replaced with the air interface of the BA W resonator of a well-known class by the techniqne of 
this invention and in which an acoustic wave is reflected may be prepared, 

1003 7 1 It can be understood that one example of this Invention sees drawing 8 R> .8 which shows the 
side face of the cross section of drawing. 9 which shows the top face of the bulk mold acoustic wave 
(BA W) filter eonstUuted according to ibis invention, and the filter 1 drawn alone with die line 8-8 of 
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drawing 9 . If introduction drawing 8 is referred to, the SAW filter 1 consists of a substrate 13, Hie 1st 
sound mirror 17 located on a -substrate 1.3* the I si resonator 7 r; and the 2nd resonator 1.2, The 1st 
resonator 7 and the 2nd resonator 12 are located on the 1st sound minor 17, The 2nd sound mirror 18 is 
arranged on the 1st and 2nd resonators 7 and 12. Moreover, although not shown m drawing. 8 and 
drawing; 9 , the 2nd sound mirror I S can also be arranged on \ some ] the 1st. sound mirror 17, The 
nroiection passivation layer 3 is arranged on die 2nd sound mirror 18, 

X V * **** 

[00381 the 1 st lower sound mirror 17 - throe layers .14, Le., the uppex layer, and a middle l&ftdla - it 
consists of 15 and a lower layer 16. Each class 14, 15 1 and 16 has thickness almost equal to the quarter 
wavelength in the resonance frequency of the BAW filter i. The upper layer 14 and a lower layer 16 
consist of low ingredients of an acoustic impedance, such as silicon (Si), polish recom aluminum 
(aluminum}, or a poivmer. moreover, a middle lamella — 15 consists of Ixiuh ingredients of an acoustic 

acoustic impedance of .15 is Im&et than, the acoustic impedance of the upper layer 14 the same - a 
middle lamella -■ ihe acoustic impedance of 15 is larger than the acoustic- impedance of a lower layer 16, 
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of a lay er 16 of she acoushe impedance of a layer 15 are fully so large that the impedance of a substrate 
13 makes it possible to be changed Into a low value. However, when k is the ingredient which is made 
smaller than the ratio which needs die ingredient used to form these layers 14 15, and 16, for example to 
change the hnnedanee of a substrate 1.3 into the low value of a rennest of those ratios, in -order to change 
this impedance into a desired low value, an additional layer can be prepared into the 1st sound mirror !7> 
In order to paste up the bottom electrode 1 9 on the upper layer 14 firmly and to paste up/or a lower layer 
16 on a substrate 13 firmtv in practice if required a! though it. is desirable thai odd layers are contained in 
the 1st sound mirror 17, one or more adhesives layers may he prepared. As rn.eniioned above, depending 
on various elements, such as an environmental condition (for example, temperature) when attaching the 
class and the oiezo-eiectrie layer 22 of the adhesion process used for accumulating in order io, make the 
thickness of the layer surrounding the layer of the adhesives* the class of ingredient contained in the 
layer to snrronnd. and its I aver to surround for example, an adhesive* iaver can include the suitable 
optional charge of a binder. However, since it is firmly pasted up mutually after adhering to the ia ver of 
a resonator, it is not necessary to prepare an adheaives layer, 

[0040] When at least one side of the resonators 7 and 12 is vibrated, the vibration is substantially 
hmdated from a substrate 13 bv the 1st sound mirror 17, Since this appearance insulates and vibration 
does not need In etch a substrate 13 at the time of manufacture of the BAW filter L a substrate 1.3 can 
consist of various ingredients with a low hnnedan.ee of Si, Si02< GaAs« class, or a eer&rnie ingredient, 
for example. However, since impedance conversion is performed through the "Savers 14 15> and 16 of 
the 1st sound mirror 17, a substrate 13 can also consist of 'high Impedance ingredients. 
[0041 j this example of this invention - the sound irnrror 18 of the 2nd top or crowning — three layers 4 5 
Le„ the upper Saver, and a middle lamella - il consists of 5 and a lower layer 6. These kve.ra have 
thickness almost equal to quarter wavelength respectively. The upper layer 4 and a lower layer 6 consist 
of low ingredients of an acoustic impedance, such as silicon (Si'h polish recon, aluminum (aluminum}, 
or a polymer, moreover, a middle lamella — 5 consists of high ingredients of an acoustic impedance, 
such as sold (Auh rnolvbdenum (Mo), or a tnncsten (WK The protection passivation Iaver 3 which 
protects the crowning of the BAW filter 1. has C.K2 micrometers or the thickness bevond \L A protection 
passivation Iaver mav consist of for example* eooxv> Si02 and a "GUROFF0 top (slop too)" meredient 
(for example* viscous field which is hardened after heating and which used epox.y as the hascK or an 
h^credient of other suitable protection nature. Il is on.lv in^tantialion that three layers are used by the 2nd 
sound mirror 1 S< and as mentioned above, it can also use man v odd Savers more, Moreover, in order to 
paste up a Sower layer 6 on the top face of resonators 7 and 12 firmly, and in order to paste up/or the 
npoer layer 4 on the protection passivation layer 3 flrmhc one or more adhcsives layers may he prepared 
if needed, 

1 0042 1 The 1st and 2nd resonators 7 and 12 are BAW resonators. Each part of the bottom electrode 19 
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with which these resonators 7 and 12 are respecti ve) y located on the U) I si sound mirror 17, (2) The top 
electrode 8 formed, on the oiezo- electric Layer '9 located oft each part of fee bottom electrode 19 and each 

mirror 1.7 is included. If some (op electrodes 8 of the 1st resonator 7 are covered with the 2nd sound 
mirror 18> it is not broken, and It Is not covered with the protection passivation layer 3, and it Is exposed 
in order to form the 1st contact pad 10, Similarly^ If some top electrodes 8 of the 2nd resonator 12 are 
covered with the 2nd sound mirror 18, it is not broken, and. It Is not covered with the protection 
passivation layer 3, and It Is exoosed in order to form the 2nd contact pad 11, Moreover, If drawing 9 is 
referred to, another part of this top electrode 8 of a resonator 12 mil form the top electrode of resonator 
1 2 ! mentioned later, 

[0043! The contact pad 1.0 of the BAW filter 1 offers the input and output of a filter L resoectivelv. 

W^'h tfs<* fvwits%f v j riiif^ in ai"!:<*l 1 t fh** RAW filter : t^<xt\ \\c< tf^Y^trii^i-Sfv i'Tu^'sKtnpt'i wtfH f'O ^vter?*>?^ i'*iri v i'iJ-t 

nsinc; a wire, a soldered joint, or the other suitable technique, For example, if drawing .1 1 is referred to, 
the contact pads 10 and I I can he combined with each contact- pad 102a and 102b of the circuit board 
106 : through the i unction wire 112. Moreover, for example*, if drawing 24 is referred to, the contact pads 
10 and 1 1 can fee combined with die contact pads 102a and 102b of the circuit board 106 through die 
pewter bmxm i 1 4 hv the flip chip method, 

[0044! If drawm^ 9 is referred to-, the filter I also contains 3rd resonator 7 and 4th resonator !2 : besides 
the 1st and 2nd resonators 7 and 12, The 3rd and 4th resonator 7 r mid 12 ! consist of the same 
components as resonators 7 and .1.2, The grand contact pad (G) is shown in. drawing 9 , It connects with 
the top electrode b ot ore resonator 7\ and the mma contact pad \ut ts not covered wrin toe am mam 
mixm 18 bv the p?X5tection passivation laver 3, either, The grand contact pad CO) is combined with some 
bottom electrodes 1 9 of 4th resonator !2 5 . A filter 1 has the gesudt of a ladder so that drawing 9 tnav 
show. The schematic drawing of a filter 1. is shown in drawing 1 1 , 

|.i>045.| The filter 1. may have other ges taken, For example, drawing 10 is the plan shovving the cross 
section of .filler 1 a constituted according to other examples of this invention, filter Is is constituted tronv 
the same component as the filter 1 shown in drawing. 9 by this. example of this invention — also although 
kicked, it differs instead of the single grand contact pad {Gl at two grand contact pads (Gl.) and (G2) the 
point estabiishedv It Is not covered with a mind contact pad (Gl) and (G2) the 2nd sound mirror 18 by 
the protection passivation layer 3, either. It is combined with bolh grand contact pads (Gl) and (G2) the 
too electrode S of resonator 7\ and the bottom electrode 1.9 of resonator .1 2\ Tin schematic drawinc of 
filter la is shown in drawing 12 > 

\ 0046 j Drawing 13 and drawinc 14 show each of the BA W filter 2 constituted according to another 
example of this invention^ the side elevation of the cross section, and the plan of the cross section, 
0titwlng.|3 and die BA W filter 2 of drawing 14 consist of the same kyer as drawing 8 and the BAW 
filter 1 of drawing 9 , However, in this example of this inventions the part of the electrode in which 
drawing 8 , the contact pads 10 and 11 of drawing 9 , and (Gl were formed is eomtdetelv covered with 
the 2nd sound mirror 18 (not shown \ this \ about resonator 7* and 12 : L Therefore, the exposed contact 

■ ■ X 

oads 10 and 11 and (G) arc not prepared. However, the BAW filter 2 includes the contacts fnarnehc 
electrode} 19a, 1 9b< and- 19c arranged on the external sorface of the BAW filter 2, 
1.0047] Ptiwlng 16 is the perspective view of the BAW filter 2, and the upper sound mirror 18 and an 
upper protective laver 3 are removed from the field of the filter 2 containing resonator 7' and 12 f fonlv 
the pie^o-electric laver 9; the top electrode 8, and the bottom electrode 19 of resonator 7' and IT are 
shown in drawing, 16 ). Contacts 19a and 19b are arranged on the external surface on winch the BAW 
fiber 2 counters, and contact 19c is arrantted on other external surface of the BAW fitter 2, Contacts 19a 
and; 1% adiohi trie protection passivation layer 3, the 1st and the 2nd sound rnir?x:>r 17 and 18. each part 
of a substrate 13. and some of one electrodes 8 of resonators 7 and 1.2,. Contact 19a is electrically 
combined with the top electrode 8 of the 1st resonator 7, and contact 19b is electrically combined with 
: he top electrode 8 of the 2nd resonator 12. 

1 0C.MB I Contact 19c adjoins the orotecdon passivation laver ,3> the 1st. the 2nd sound mirror 1.7 and 18, 
and each part of a suhstrate 13, and is electrical fv combined with the ton electrode 8 of 3rd resonator 7\ 



nt 



tpr. 



'WWW 



ipdl.ncipieo,fpA:cI"bindran web ckr efje 



If- 



i f\ 

\ V « . 



>7n 



0979.A DETAILED DESK 



J.\.U i IX J: \\ 



ami the bottom etec&rode 19 of 4th resonator I2 : ; Each contacts 19a> 19b, and 19c consist of conductive 
insxedienis, such as &okl (AuK The BAW filter 2 cm be ek^trieaUy combined with an. external circuit 
by Contacts I 9b, 1 9b* mid 19c, 

100491 Since Contacts 19a, 19b. and 19c are arranged and the BA W filter 2 can be attached in file circuit 
board bv the surface moiMing method* circuit assemidv can be simplified. For example, if drawing I S , 
drawing 21. > and drawing 22 are referred to ( drawing 21 and drawmg 22 express the cross section of the 
BAW filter 2k surface -0Kmntin& of die BAW filter 2 can be carried out to the circuit board 106 by 
soldering Contacts .1 9a, 19b, and 19c to each contact pad 102a, 102b, and 102c of the circuit board 106, 
Thereby. Contacts 19a. 19b. and 19c can be electrically combined with the wiring 100 of the circuit 
board, it also turns out that Contacts 1 9a, 191), and 19c are useful to insulating [ which may encoonter in 
the. time of assembly and the ease of subsequent use 1 the BAW filter 2. for example from environmental 
pollutants, sneh as a pewter 104 or a solvent, partially at least foriher, 

[00501 The BAW filler 2 can also have other sestahen, Drawing 15 m drawing which looted at the cross 
section of BAW filler 2a consbiuted according to another example of this invention from, the top. 
Drawing which looked at the cross section of BAW filter 2a drawn, &1ohs with the hne 13-13 of drawing 
15 from width is shown in drawing.. 13 . BAW filter 2a h formed from dr<wing;8 and the same layer as 
BAW filter la of drawing 1.0 . the contact pads 10 and .1.1. which drawing 8 and the contact pads 10 and 
1 1 of drawing 10 > CG1.K and (G2> the formed pari of an electrode are completed covered with the 2nd 
soood mirror 18 (not shown, f this \ abmt resonator ?' and 12'}, and were exposed in this example of this 
invention and (G l) — and (G2) it h not prepared, | however* } 

|00S1 j Drawing 17 is the perspective view of BAW filter 2a, and the upper sound mirror 18 and an 
upper orotective i&ver 3 are removed from the field of filter 2a containing resonator 7 5 and 1 2\ BAW 
filler 2a includes the same contacts 19a and 19b m the above -mentioned thing, and also Includes 
Contacts "! 9:d and 19c farther. Contacts 1 9a and 1 9b are arranged on the external surface where filter 2a 
counters, and Contacts I9d and 19e are also arranged on the externa!, surface where filter 2a eoimlers. 

Vi"' 

Contacts 19a, 19b 5 19d> and life consist of conductive m^edients, such as gold (An), Contact 19a is 
electricaOv combined with the top electrode .8 of the 1st resonator 7, and contact .1 9b is electrically 
combined with the top electrode 8 of the 2nd resonator 12. Moreover, Contacts 19d and 1 9 e are 
respectively combined with the top electrode 8 of 3rd resonator ?\ and. the bottom electrode 19 of 4th 
resenaira 12 : eketricallv. The BAW filter 2 can be eiecCri.ea.Hv combined with an external cirenh by 

* r» »" 

Contacts 1 9a, I9h y 19d« and 19e, 

[O052J Since Contacts 19a, 19b, 19d. and 19c arc arranged, it turns out that BAW filter 2a can be 
attached in the circuit board bv the surface mounting method, and it can. simplify like the erector of a 
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dmwtng.22 express the cross section of BAW filter 2a) , surface mounting of Che BAW' filler 2a can be 
carried out to the circuit board 106 bv soldering Contacts 1.9a. 1 9b, 19d> and 19c to each contact pad 
102a, WZlx 1024 am! i02e of the circuit board 106. 'Thereby , Contacts 19a, .!9ivl9d> and 19e can he 
eleenicaliv combined with the wiring 100 of the circuit board, it also terns out that Contacts 19a. 19b, 
19ti and 19e are useful to insulating 1 which rnav encounter in the time of assembly and the case of 
subsequent use j BAW filter 2a, for example from env\fenmeiita). poMmants, such as a pewter 104 or a 
solvent > partially at least farther, 

100531 Drawing 25 ~ drawing 27 is drawing showing, die BAW filter 1 16 which has, another example* 
he., the pile filter sinecure* of this invention, A filler 116 is also called a "pile crystal filler" (SCF and 
brief sfcetch). SCF Is 2 partial eqtdpment and shows only series resonance, SCF116 contains the 
subsirate 13, the sound mirror 17 of the 1st bottom, the sound mirror 1.8 of the 2nd top, and the 
protection passivation layer 3, and these of k are the same as that of the above-mentioned thins, SCF! 16 
alsb bm the 1st lower resonator 1 1 1 and the resonator 109 of ihe 2nd top. The bottom electrode 111 is 
arranged on. ihe lower sound mirror 17, The top electrode 109 is arranged on the 1st resonator lit, a 
carries out in tins way v and the pile structure of a resonator is formed, 

v 

[0054! The 1st lower resonator 111 contains the oiexo- electric layer 110, the bottom electrode !9> and 
grand electrode 8\ The oiezo- electric layer 1 10 is located between some parts of grand electrode 8c and 
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an electrode 19, The 2nd tipper resonator 109 contains grand electrode 8\ the piexo-elcelric layer 1 OB, 
and the top electrode 8. The piezo-eleetrie layer 108 is arranged between S6me parts of grand electrode 
8\" and the top electrode 8, The piezoelectric layers 108 and 110 and an electrode 8, 8s ami 19 consist of 

•e-mentioned thhm and can have the same Mekrtess as the above- 

8 has covered resonator pile structure mti some pans of the 1st sound 
mirror. Even If based on the 2nd sound mirror 18, a part of grand electrode 8' h not covered with the 
protection nassivatlon layer 3, and as shown m drawing 2525 . it is exposed in order to prepare grand 
contact pad 8", Similarly, even if it twists some of top electrodes 8 and hottorn electrodes 19 to the 2nd 
sound mirror tS 5 it is not covered with the protection passivation layer 3, and it is exposed in order to 
form the 1st and 2nd contact pads 10 and 1L respectively, so that drawing. 27 R> 7 may show. SCFli6 
can be electrically combined with an external circuit bv contact pad 8", and 10 and 1 1 mim wire 
junction, a soldered joints or the other suitable technique. For example, if drawing 29 is referred to, the 
contact pads 1.0 and 1.1 can be combined with each contact pad 102a and I.OEb of the circuit board 106 
through the sanction wire 112. Moreover, for example. If drawing 30 is referred to, the contact pads 10 
and 11 can be combined with the contact pads 1.02a and 102 b of the circuit board 106 through the 
pewter hump 114 using the flip chin method. Although not. shown in draw in n 29 and drawing 30 , 
contact pad 8 t: of SGF.I 16 can also he combined with the circuit board 106 using such technique. 
1 00561 Drawing- 28 shows the cross section of SCFI 18 constituted accordion to another example of this 
invention. SCFI I S has the same structure as SOP! 16 of drawing 25 - drawing 27 > However, m this 
example of this invention, the contact pad 10 of SCFI 16, 8 {! and the electrode 8 in which 1 1 was formed, 
8-< and the part of 19 are completes y covered with the 2nd sound mirror 18, Therefore, the exposed 
contact pad 10, 8 l \ and .11 arc not prepared. However, SCFI 18 includes the contacts 19a and 19b 
(namely, electrode) arranged on the external surface where SCFI 18 counters. Each contacts 19a and 19b 
adjoin each part of electrodes 8 and 19 while adjoining the protection passivation layer 3, the 1st and. the 
2nd sound mirror .17 and 1.8* end each part of a substrate 13, Each contacts 1 9a. and 19b consist of cold 
(An), Contact 19a is electrically combined with the bottom electrode 19, and contact 19b is electrically 
combined with die top electrode 8. Bv Contacts 19a and 19b, SCFI 18 can be electrically combined with 
an -external circuit. For example, if drawing; 31 is referred to, surface mourning of SCP can be carried out 
to the circuit hoard 1.06 bv Contacts 19a and 19b. This sorface mounting is realizable ov soldering; 
Contacts J. 9a and 19b to each contact pad 102a and 102 of the circuit hoard I06< and combining 
Contacts 19a and 19b with the wiring 100 of the circuit board electrically by this. Moreover, it also turns 
out that Contacts 19a and 19b are usef ul to insulating [ which may encounter in the time of assembly , 
and the ease of subsequent use ] SCFI IS, for example from environmental pollutants v such as a newter 
10 4. or a solvent, partial! v at least further. 

[0657] although h explains and excels above about some examples of this invention - the above- 
mentioned BAW filters 1, !a> 2, and 2 - a and SCP 116 and 118 must be noticed about that your may 
have a laree number, or a small number of piezo- electric layer and. electrode from an above -mentioned 
piexo-electric layer and an above-mentioned electrode deoendsne on the engine oerformanee of a filter 
teooired for concrete application.,: Moreover, the 1st of these equipments and the 2nd sound mirror i? 
and 18 mav consist of the four or more-layer layer respectively. For example, as lone, as all layers are 
arranged so that a continuous layer may have a high impedance and low Impedance by turns, the 1st and 
2nd sound nnrrors l< am can have two oaver | aoonional u tour layers, six layers, or much more 
I avers reaneclively, Moreover, in order to paste up finnlv the uoner sound mirror 17 and the lower sound 
mirror IS on each part of filter strucmre, an adhesives layer may be prepared as long as it is required. It 
is not what meant that the above-mentioned BAW filters 1 and la and the geslalt of 2 and 2a limited the 
ranee of this in vention, and must "be further cautious of the ability of other ^estaheo to also foe 
established. For example, the B AW filters 1 and la, and 2 and 2a can include a l.ar^e number, or a small 
number of resonator, a contact pad and/or m external contact .from a resonator, an above-mentlojied 
contacr pad, and/or an ahoveoocniloncd external contact, 

|O058| If the 2nd sound mirror (namely, on) is used, some advantages will be acquired compared with 
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the equipment which includes only one sound minor as shown, for example in drawi^g.6 The 
following descriptions show one advantage of adopting the 2nd sound mirror. 

[00S91 for example, - BAW - a filter - one - one - a two - and - two -- a - - a resonator - severs - 

12 - seven - 5 - and -• 12 - J - some one - a ** a top - an electrode eight - the bottom - an 

electrode - - 19 -~ an electrical potential difference - applying - if - an intermediary - a place these - 
an electrode eight - and - 19 — between being generated -~ piexoa^ectridty - a layer nine - 
Vihrating ■- making , Similarly, if an electrical potential difference is applied to any one electrodes 8 and 
19 of SCF 1. 16 and 1 J 8, between each of these resonators 8 and I9> and grand electrode 8 ? , electric field 
will be generated and the plezo-eleciric layers 108 and J. 10 will be vibrated. An acoustic wa ve spreads in 
the direction which goes to the 1st lower sound mirror 17 of each filter as the result from each piezo- 
electric layer which is vibrating within these filters, It originates in the impedance of the layers. 14 15, 
and 1 6 of the 1st .sound mirror :I7 at least partially, and the 1 si sound mirror 17 reflects a pan of those 
acoustic vibration [ at least ] in the direction which does not face to a substrate 13. As the result, the part 
by which it was reflected of the acoustic waves does not reach a substrate 1 3, Thus, the Lsi sound mirror 
17 Insulates vibration generated by each filter 1 and la, 2, 2a, and the pie^o -electric layer that is 
vibrating in 1 16 and 11 from a substrate 1 3. 

[0060] From each piezoelectric layer which is vibrating, an acoustic wave spreads also in the direction, 
which goes to the 2nd sound mirror 18. The 2nd sound mirror 18 functions m the 1st mm.i mirror 1/ 
similarly, If it states concretely, it originates In the impedance of the layers 4, 5, and 6 which form the 
2nd sound .mirror 18 at least partially. The 2nd sound mirror IS When acoustic vibration is reflected m 
the direction which does not go to the protection passivation layer 3 and the BAW filter 2> BAW filter 
2a, or SCF! 18 is used, acoustic vibration is reflected m the direction which docs not tend toward an 
external contact (for example, 19a and 1.9b). As the result, the reflected acoustic wave does not reach 
those parts of each equipment, therefore does not arrive at the Interface of (he 2nd sound mirror 18 and 
she protection passivation layer 3. Moreover, SCF! .18 of drawing 28 ako prevents that the 2nd sound 
mirror 18 arrives at the interface between the parts of the contact (for exam pie, contacts 19a and 1 9 b) to 
which the reflected acoustic wave is located in the 2nd sound mirror ! 8 and the upper part of each 
equipment in the BAW filters 2 and 2a and a list. For example, when a certain, ingredient is placed on 
Equipments I and la, 2, 2a, and the protection passivation layer 3 of either 116 and 1.18 and it is in 
contact with the protection passivation layer 3, the part by which it was reflected of the acoustic waves 
does not reach the ingredient Thus, the 2nd sound mirror 18 insulates this ingredient from the acoustic 
wave generated by the piezo -electric layer, 

[0061] the - two - sound - a mirror - 18 - adopting - things - the two ~~. an advantage hie— two 

--- sound - a. mirror — 1.8 — BAW — a filter — one one - a — two — and — two — a - a resonator — 
seven - 12 ~ seven ~ ; - and - 12 ~~ r - almost - all SCF - 116 - and -118 a resonator - 109 - 
and - il l — almost — all --■ covering - therefore - a solvent — etc. ----- these — equipment — contacting 
botiutma - **** •-- damaging - a. thing - prevei.ui.as - things -■ it is . Since the 2nd sound mirror 18 
protects these layers to this appearance, it is not necessary to prepare the safeguard of oilier forms, such 
as for example, a half-seal, package, for these layers. Therefore, the coat accompanying the safeguard of 
such other forms is unnecessary, and the total manufacturing cost of equipment becomes fairly few. 
Furthermore, since the protection, package for this invention adopting a BAW filter instead of a SAW 
resonator filter, and protecting the BAW filter is unnecessary* the process with the need of generally 
{ when an SAW filter is used | performing which connects those filters to the pin of a package through a 
junction wire k unnecessary. As the result, the BAW filter of this invention may show a parasitism 
component (for example, parasitism capacitance) smaller than the filter (for example, SAW filter) which 
needs a protection package. -Furthermore, since, the package for protecting SCF 116 and 1 I B in BA W 
filter [ of this invention J I and la, 2, and 2a list is unnecessary, the size as each whole equipment of 
those may become smaller than each filter with a half -seal package, 

[0062] Other advantages which the various examples of tins Invention offer are not at the SAW filter 
which needs the half-seal package of a certain form, for protection, but are that the 2nd sound mirror is 
adopted as a BAW filter. For example, since an acoustic wave will be spread in the direction, parade! to 
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the from face of the layer of this filler m an SAW filter supposing a sound mirror or a reflector 
adopted as SAW equipment fihst sound mirror includes the metalli^tion. pattern between fingers outer- 
dkitlU m&t&Hi^ffUott patterns! If: such a metallisation pattern between finders exists in a regrettabie 
ihmg f the sea! package for protection must 'be used for the SA W equipment 

[00631 This invention offers the apotoaeh of manufacturing a BAW filter and attaching this filler io the 
circuit board In other fields, if the logic flowchart of drawing 19 is referred to, the approach contains the 

•v.- v. y x 

step (A) which forms the 1st lower sound mirror on a substrate, The following step CB) contains the step 
which forms at least one resonator on a bottom sound mirror. The &t least one resonator can contain the 
same BA W resonator of one piece or some as the above -men honed thing. For example, the top face of a 
bottom sound, mirror am be made to be able io adjoin muiii&Ov, and two or more resonators can be 
formed In it Moreover, for example, the pile structure of a resonator can be formed and aeoimmlaied on 
the top face of a bottom sound mirror, and the Xta! structure can be made. In order io prepare an input 
pad, an output pad, and a touch-down pad, a contact pad can also be formed from, various parts of the 
electrode of a resonator, 

[0064] As a following step (C), the 2nd upper sound mirror is formed on the considerable part of at least 
one above-mentioned resonator, A besides side sound mirror may he formed on other parts containing a 
part of this filter, for example, bottom sound mirror, A slop !C) contains the step which forms the 1st 
tower layer on [ some j this bottom sound ranter the ahovemieotioned at least one resonator top, forms 
the 2nd mkidle layer on this lower layer, and forms the 3rd upper layer on this ioterlayer. This lower 
layer, a middle lamella, and the upper layer form the same top sound mirror as the above-nienfioned 
dung. Bar example, a lower layer and Che upper layer contain low Ingredients of an acoustic impedance, 
such as silicon, polish reeoa ahmunnni, or a polymer ingredient, Moreover, for example, a middle 
lamella contains high ingredients of an acoustic Impedance, such as gold, moly bdenum, or a tungsten* 
[0065] This approach contains the step which patterotees the layer formed by the step (C) and CD), in 
order to form a protection passivation laver on the upper laver of a too sound mirror at a step (B) further, 
and 'to form the hole for that contact pad, when a contact pad m prepared, A protection passivation laver 
and a contact pad are the same as that of the above-mentioned thing, A top sound mirror prevents that 
the foreign Ingredient which mav damage at least one above-mentioned resonator contacts this 
resonator. It turns out that two or more BAW filters can he made on a wafer according to these steps, 
[OCkSbf Then, a filler is attached to the circuit hoard by the attaching method chosen with a block (Eh the 
attaching method chosen with a block (E) is the onboard attaching method — if it becomes — a step (F.1) 
— and W2) it performs. At a step (Pi}> a wafer is cut and it is made a chip, At a step tP2), the chip is 
combined with, the circuit of the circuit board, with a junction wire, 

1006? J the attaching method chosen with a block (E) is the flip chip method — ii it becomes — a step 
(Gl) - and (G2) h performs, At a step (Gl h a pewter hump is formed on the contact pad. of a filter bv 
the vacuum deposition (for example, evaporation) of a bump metal or eiechochemistrv oiatina of a 
pewter, for example. Next, a wafer is cut and it is made a chip. Then, those chins are combined with the 
contact as which die circuit hoard was chosen at the step (G3) by the flip chip method, 
lUUod the case where toe attaenme memoo chosen with a mock b/ is a surface mounune method - a 

V,-.' ^s.* 

step (Hi) and 042) it performs, Ai a step (B'lh a wafer is cut, u is made a chip and a contact is formed 

on various parts of a filter. Those contacts can form this contact with the silver dipping process are the 
same as that of the above-mentioned contact (for example, contacts 19a and 19b), for example, same as 
the approach used In order to form the tenniual of an ordinary surface naoontirr^ .-individual component 
Then, this chip Is combined with the contact pad as which the circuit hoard was chosen bv the surface 
moontlng method at a step (H3), As already explained, a top sound mirror prevents that the foreign 
Ingredient which may damage at least one above - mentioned resonator contacts this resonator, 
(00691 Although explained bv illnstrating this invention concretely about the desirable example, this 
contractor will niuiersiand that the form and details can be changed, without deviatine from the ranee of 
this invention. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings J 

[DpwlBg.il The cross section of the typical bulk acoustic wave (BAW) resonator which includes the 
fife and m air gap is shown. 

[Drawing 21 It Is the plan of the BAW mmm&ov of drawing 1 , 

[Drawing .3 1 li is the eross-sec ikm al view of the typical BAW resonator which includes the substrate 
which has a veer. 

[Drawing 4] li is the cross-sectional view of the typical BAW resonator which has the veer and film 
which were formed in some sohstrates, 

I Drawing 5'j it is die cross-seeiional view of the typical BAW resonator oon&tomg a sacrifice I aver,. 

"•*'-'* * * * * * ■>.* y V 

j Drawing 6j It is the cross -sectional view of the typical: BAW resonator containing a sound mirror, 
[P:?lM:0lt.7.l The high impedance transmission line and the low impedance transmission line showing 
the layer impedance of the sound mirror of this invention are shown, 

1 Po wing 8j It is the side elevation of the cross section of the BAW filter constituted according to this 
invention. 

iDrawing 9\ it Is me plan of the cross section of the BAW filter constituted -according to this invention, 
and the cross-sectional, view of drawing 8 is drawn along with the line 8-8 of drawing 9 » md an upper 
sound mirror and an op per protective layer are removed in drawing 9 , 

i l y o v> — 

it is the plan of the cross section of the BAW filter constituted according to other 
examples of this invention, and in driwing.10 , an upper sound mirror and an upper protective layer are 
removed, the side elevation of another cross section of this BAW filter is expressed with drawing S , and 
the cross-sectional, view of drawinn 8 is drawn &ion& with the line 8-8, 

......... T , ♦ , - - - - 

[Drawing 111 li is the schematic drawing of drawing 8 and ihe BAW filter of drawing 9 . 
ifeiwisg.i2} li is the schematic drawing of drawing 8 and the BAW filter of drawiog.JQ < 
(Drawing 131 h is ihe side elevation of the cross section of the BAW filter eons dinted according to other 
examples of this invemion. 

LP?^wh)f .14] It is the plan of the cross section of ihe BAW filter constituted according to other 
examples of this invention, and the cross -sectional view of drawing 13 is drawn along with ihe line 1.3- 
13 of drawing .1.4 , and an upper sound mirror and. an upper protective laver are removed in drawing 14 . 
[Drawing 1.5] li is the plan of "the cross section, of the BAW filter constituted according to other 
examples of this invention, and an upper sound mirror and an upper protective layer are removed, the 
side elevation of the cross section. of this BAW filter is expressed with drawing 15 hv drawing 13 * and 
the cfoss-seetlonal view of drawing 1.3 is drawn along with the line 13-1 3 of drawing IS . 
Il>awing.l6| It Is the perspective view of drawing .13 and the BAW filter of drawing 1.4 , 
[Drawing 1 7| It is the perspective view of drawing. 13 and the BAW filter of drawing, 15 , 
I Drawing 18 1 The BAW filter of drawing 16 hv winch surface mounting w ? a.s carried out to the circuit 
board is shown, 

[Drawing 19] The BAW filler of drawing. 17 by which surface mounting was earned out. to the circuit 
board is shown. 
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...^wMg.^.il. Tile cross section of the BAW filter of this invention by which surface mounting was 
carried out to the circuit: board Is shown. 

! Drawing 22-] It h the front view of the cross section of the BAW filter of dnrwins 21 bv which surface 
mounimg was carried out to the circuit board. 

[Br|w]ng 23] The BAW filter of drawing. 8 combined with the contact of the circuit board with the 
amotion wire is shown. 

]DraMog24i The BAW filter of drawing. 8 after being combined with the contact of the circuit board by 
the flip chip method is shown. 

I Drawing 251 fx was constituted according to the example of this Inventions and ouls, and it is the cross- 
sectional view of a crystal Ulcer (SCF), and the crowning of this SCF includes the sound mirror, 
[Drawina 26] It is the plan in which removing a sound mkmr and showing a pan of SCF of drawing 25 . 



idirawtna 2/ Tne cross section of the pile crvsiai him of drawing; ^uo drawn along wttn the hue 

k.. ........ ......... ^.^n ........ • ................. t^.^l .............. 

of drawing 25 Is shown:, 

, „ . .... »sO ■ 

i : Drawing 28 1 It was constituted according to other examples of this invention, and outs, and the cross 
section of a crvsiai filler is shown, 

(Drawing .291 The pile crystal filter of §tmmg27 combined with the eon tact of the circuit board with 
the junction wire is shown, 

[Drawing 301 The ohe crystal filter of -drawing 27 after being combined, with the contact of the circuit 

•■••kv $ * V " ..-....<.;}........ ...... 

board by the flip chip method k show.rL 
[Drawioc 31 1 The pile ervstal filter of drawkv 
Circuit board 
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1 06 ; Circuit board 

20, 21, 23, 80 : BAW resonator 

17, 18, 70 : Sound mirror 
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